Introduction
India accounts for only about 2.4 % of the world"s geographical area and 4 % of its water resources, but has to support about 17 % of the world"s human population and 15% of the livestock. Agriculture is an important sector of the Indian economy, accounting for 14% of the nation"s GDP, about 11% of its exports, about half of the population still relies on agriculture as its principal source of income and it is a source of raw material for a large number of industries. It occupies 32% of the area under food grains and contributes 42% of total food grains production in the country. During 2011-12, there was record production of food grains at 259.32 million tones, of which 131.27 million tones was during Kharif season and 128.05 million tons during the Rabi season. Of the total food grains production, production of cereals was 242.23 million tones the production of rice (both kharif and rabi) is estimated at 101.8 million tones (Ghosh, 2011) .
Agriculture is counted as the chief economic occupation of the Chhattisgarh state. According to a government estimate, net sown area of the state is 4.828 million hectares and the gross sown area is 5.788 million hectares. About 80% of the population of the state is rural and the main livelihood of the villagers is agriculture and agriculture based small industry. Paddy is main crop of Chhattisgarh. Chhattisgarh is popularly known as "rice bowl" of India and occupies Predictive models for the rice crop (Oryza sativa L.) of Chhattisgarh plain and its constituent districts have been made. Models have been fitted for the area, productivity and production of the crop separately for above region. Based on these models prediction of area productivity and production of rice have been made year wise between 1998-99 to 2013-14. The partial compound growth rates of the area, production and productivity of the crop have been also estimated and discussed. Periodic effect of five years as well as annual effects was found to be working in most of the districts/region based on a postulated and estimated production function of area and productivity. It was found that the major influencing factor on the production of rice was its area. This influence of area was around 60 percent for mostly districts of the Chhattisgarh plain.
an area of around 3.61 million hectare with the production of 5.4 mt. and productivity of 1517 kg/ha (Anonymous, 2010b) . The productivity of rice in the state is 1.52 tone/ ha, which is far behind the productivity of India (1.9 tone/ ha), china (6.3 tone/ ha), Japan (6.4 tone/ ha) and Egypt (8.4 tone/ ha).The present study is therefore, an attempt had been made to develop reliable predictive models for the area, production and productivity of cereals for Chhattisgarh Plain, its constituent districts. Production function had also been developed to know the extent of influence of area and productivity on production.
Materials and Methods
The secondary data on area, productivity and production of rice crop were collected for the period 1998-99 to 2013-14 from the web site of Chhattisgarh Government www.cgstate.gov.in. In this period there are ten districts in Chhattisgarh plain namely Raipur, Mahasamund, Dhamtari, Durg, Rajnandgaon, Kawardha, Bilaspur, Janjgir, Korba and Raigarh due to the formation of new districts.
During analyses it was realized that a five year periodic effect is working on the response variable in most of the districts/region. Therefore, this periodic effect was considered as a structural effect changing every five years the area, production and productivity scenario of rice crop probably due to some research or technical breakthrough, etc. After fitting such structural/ periodic effects, i.e. α"s, it was found in most cases that they were showing a trend over the three periods in almost all districts and slopes (β"s) were not significantly different for these periods. Due to these reasons a periodic effect variable "P" was introduced to measure the periodic trend along with the annual effect variable "T" to measure annual trend with in each period. So, the following multiple regression models was finalized and fitted in all cases using stepwise regression technique as described. = error/disturbance component.
Lastly, our interest is to find the extent of influence of area and productivity on the production of cereal crops in Chhattisgarh plain. For that we need an additive model with an error term. We have the identity, Production = Area × Productivity.
However, in actual practice the area, production and productivity are not always reported to be accurate enough to equal to above product, due to probably rounding errors and many a times due to human error in recording the data.
Therefore, assuming that actual area, production and productivity are some powers of the reported data and representing the residual discrepancies with an error term, this identity can be written in the functional form. Then, after taking natural logarithms, Where A, Y and (A, P) denote the area, productivity and estimated production of a given region. The constant c 0 is the intercept and (c 1 , c 2 ) are the partial regression coefficients corresponding to variables ln A and ln Y respectively.
Results and Discussion
Partial compound growth rate of area, production and yield of rice was for period (1998-99 to 2012-13) and presented in Table  1 . It was observed that from the Table 1 Chhattisgarh plain had registered statistically significant increasing periodic partial compound growth rate in area (2.780 percent), productivity (28.617 percent) and production (32.193 percent) at 1 percent level.
The annual compound growth rate for area, productivity and production were found (0.588 percent), (4.203 percent) and (4.816 percent) respectively and non-significant. Among all districts of the Chhattisgarh plain zone for almost the entire district"s the model showed highly significant partial regression for the periodic variable area except Bilaspur, Janjgir, Korba and Raigarh districts. The time variable showed significant growth rate for Dhamatari district only (0.0347) at 5 percent level. No other district showed significant partial regression coefficient for time variable. The model showed significant partial regression coefficient for all of the districts for the variable production. No district except Dhamatari (0.1425) at 10 percent level showed significant regression coefficient for time variable under study.
While studying productivity the table 1 revealed that almost all of the districts except Korba showed significant partial growth rate. It can also be observed from the table that no district including complete Chhattisgarh plain zone showed significant growth rate for the time variable.
Production function
To know the extent of influence of area and productivity on the production of Rice the postulated production function is given by equations 2(a), 2(b) and 2(c). The estimated production in terms of area and yield for the period has been presented in Table 2 .
It revealed from Table 2 that for Rajnandgaon, Kawardha, Mahasamund and Durg districts the production function satisfactorily fits to the data as indicated by more than 70%. The model showed highest R 2 up to 98.898 percent for Rajnandgaon district. The column designated (1) and (2) gives the breakup of the total percent sum of squares explained by the production component, ln P (A, Y) in to its percent sum of square explained by the area component ln A and the yield component ln Y. ***, **, *significant at 1%, 5% and 10% level of significance respectively @ % r1& r 2 indicate the partial compound growth rates (in percentage) corresponding to bp (partial linear regression coefficient corresponding to periodic effect variable 'P') and bt (partial linear regression coefficient corresponding to time variable 'T') respectively. * predicted value = exp (lnt + bp P + bt T), where lnt = intercept; bp and bt the partial regression coefficient corresponding to P and T cariables respectively. ** For 2008-09 to 2012-13, T= 1 to 5 for fixed P=3; and for 2013-14 to 2015-16 T= 1 to 5 for fixed P= 4. @ A: area in 000' ha, Y: productivity in kg/ha, P: production in 000' tones These column (1) and (2) showed that in most of the district"s the productivity influence the area of rice by more than 56% barring the districts Bilaspur, Jangrir, Korba and Raigarh. For the district Janjgir, Korba and Raigarh the productivity was influenced by the production and only a little contribution is made by the area. 
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